Background: Anterior cervical discectomy and fusion using autogenous iliac bone graft may lead to donor site pain. This has led some surgeons to use hydroxyapatite but it has greater rates of complications. Objective: Analyze results of the treatment of cervical spine spondylosis by anterior cervical discectomy, and to compare fusion using titanium cage with hydroxyapatite and with autograft. Methods: We evaluated eighty patients (at 146 cervical levels) that had been treated by anterior cervical discectomy and fusion with hydroxyapatite or autograft. In a prospective study, patients were divided into two groups: 1) 77 levels of anterior cervical fusion from in 40 patients who were treated with cage and hydroxyapatite, and 2) 69 levels of anterior cervical fusions in 40 patients who were treated with cage and autograft. Results were evaluated using the Japanese Orthopedic Association (JOA) scoring system before and after surgery, subsidence, non-union and complication. Results: According to JOA score, the first group (hydroxyapatite) had improved from 9.8 preoperation to 14.5 postoperation. The subsidence rate was 26.0%, the non-union rate was 10.4%, and there was no intra and post-operative complication. In the other group (autograft), the preoperative JOA score had improved from 9.3 to 14.1. The subsidence rate was 11.6%, and there were no non-union and complications. Statistical significance was found in non-union and subsidence aspect between groups, but the clinical outcome of JOA score was not significantly different. Conclusion: Anterior cervical discectomy and fusion in cervical spondylosis patients, titanium cage implantation with hydroxyapatite is a highly useful alternative to autograft.
Anterior cervical fusion is proven for treatment of cervical spondylosis. The anterior approach allows direct visualization of the entire disc space and wide decompression of the anterior aspect to spinal cord and nerve roots. Some surgeons prefer to use an anterior plate to enhance stabilizing properties. However, the application of these plates is a timeconsuming procedure, and may lead to post-operative complications [1] . Recently, anterior cervical fusion with cages has become more popular. There were many reports on the primary stabilizing effects of the different cervical cages. The aim of using a cervical cage in anterior cervical fusion was to provide immediate biomechanical support, to restore foraminal height, to maintain cervical lordosis and to allow optimum interverebral arthrodesis.
Autograft is the most commonly used fusion material. It is both osteoconductive and osteoinductive and produces a reliable rate of fusion [2] . However, donor site pain is a major concern [3] . The use of hydroxyapatite bone substitute was an effort to reduced donor site related complications and shorten hospital stays. Some authors recommended the use of anterior cervical fusion with cage containing bone substitutes. Although fusion was delayed compared with that in a cage containing autografts, satisfactory results were obtained regarding the fusion rates. In this study, we made prospective approach to assess 148 P. Tienboon, S. Atiprayoon our long-term results, subsidence rate, non-union rate, and complications of implanting interbody fusion titanium cages containing hydroxyapatite, compared to cages containing bone autograft for the treatment of cervical spondyloradiculopathy or spondylomyelopathy.
Materials and methods
One hundred forty six levels of anterior cervical fusion were performed in 80 patients for symptomatic cervical spondyloradiculopathy or spondylomyelopathy between 2004 and 2008 by two surgeons. In the prospective study, patients were divided into two groups. In the first group, there were 77 levels of anterior cervical fusion from among 40 patients who were fused with titanium cage and hydroxyapatite. The second group contained 69 levels of anterior cervical fusion from among patients who were fused with titanium cage and autograft. For the first group, the number of male and female patients with cage and hydroxyapatite was 21/19, and the mean age was 59.4 years. The second group of patients was fusion with cage and autograft, had a male/female ratio of 27/13 and the mean age was 50.5 years. In patients whose fusion with cage and hydroxyapatite, the diagnosis of cervical spondyloradiculopathy was 45.0% and cervical spondylomyelopathy was 55.0%. Compared to the other group whith fusion with cage and autograft, the diagnosis of cervical spondyloradiculopathy was 57.5%, and cervical spondylomyelopathy was 42.5%. The number of levels and the operative level are shown in Table 1 .
All patients had been treated by medication and physical therapy for more than three months, but symptoms and signs did not improve. Patients with history of trauma, infection, neoplasm and rheumatoid arthritis and previous cervical spine surgery were excluded. The neurological examination and neurologic function were assessed by using the Japanese Orthopedic Association (JOA) scoring system before and after surgery in each patient. Clinical and anteroposterior and lateral radiographs were performed at one, three, six, and 12 months follow-up and then yearly. Union and subsidence were assessed by radiographs. The operative segment was considered fused by the presence of bony trabeculations across the graft-host interface, trabecular bridging bone formation, a hazy interface between the cage and the vertebral endplate and no change in position of the fused levels on dynamic views (flexion and extension). We defined subsidence as any settlement in disc height of at least three mm on radiographic images [4] . All complications were recorded. Anterior cervical fusion using titanium cage
Surgical technique
Exposure was via a left-sided skin incision according to the Robinson and Smith technique [5] . It consisted of removing the disc, posterior longitudinal ligament, and osteophytes including some parts of the uncinate process anteriorly. In the first group, the hollow titanium cages were impacted with hydroxyapatite graft. In the second group, the titanium cages were filled with impacted cancellous chip bone graft harvested from the left anterior iliac crest. Before closing the wound, a lateral fluoroscopic image was obtained and the correct position of the implant checked. Postoperatively, patients were allowed to mobilize freely without any support. However, those with three or four levels of fusion or aged patient were advised to wear a soft collar for a few weeks.
Results
Radiculopathy, myelopathy, and neck pain had improved in most patients. According to the JOA score, the first group improved from 9.8 pre-operatively to 14.5 pre-operatively, the subsidence rate was 26.0%, the non-union rate was 10.4%, and there was no complication. In the other group, the pre-operative score had improved from 9.3 to 14.1, the subsidence rate was 11.6%, there was no non-union and no complication (see Fig. 1-A, 1-B) . Statistical significance (Pearson Chi-square test, p <0.05) existed between non-union and subsidence groups. No statistical significance was observed in JOA score and complications ( Table 2 ). There were no reoperation, no graft complications including collapse or dislodgement, no operative site infection, no esophageal injury or related nerve injury in both groups. In the autograft group, there was little pain at donor sites and no donor site complications.
Discussion
There are several common techniques of cervical fusion. Jung et al. [6] reported cervical fusion using the polyetheretherketone (PEEK) cage containing a bovine xenograft, with 84% good to excellent results and a subsidence rate of 8%. Topuz et al. [7] showed that cervical fusion with PEEK cage packed with demineralized bone matrix had 87% good to excellent results and a non-union rate of 8.3%. Klimo et al. [8] found that the use of PEEK spacer and recombinant human morphogenetic protein-2 in the cervical spine produced an 8% non-union rate and high incidence of bone in growth beyond the core of the PEEK spacer and cystic regions within the cage. Bucciero et al. [9] reported that PEEK cage-assisted anterior cervical discectomy and fusion at four levels is an effective procedure for the treatment of patients with spondylotic compression of the spinal cord and nerve roots. According to the study of Agrillo et al. [10] , no instability or significant complications were observed in their patients without anterior plating, even in the two-level procedures. Bulking of the plate and irritation of soft tissue anterior to the cervical spine were also problems of concern. Fusion with interbody cages has become increasingly popular. The major benefits of using cages were that they provided immediate stability, restored foraminal height and alignment and minimized operative time. Autograft from the iliac crest and hydroxyapatite are well-known fusion materials for anterior cervical fusion, but donor site pain and poor fusion rates were the main disadvantages.
Our study was performed to evaluate the results of treatment of cervical spondylosis with anterior cervical disectomy and fusion, which provided stability by the titanium cage, and use of hydroxyapatite in comparison with autograft. Given the limitations of a nonrandomized study, we found anterior cervical discectomy and fusion with cage and bone graft to be more effective than cage with hydroxyapatite in terms of subsidence and nonunion. However, the clinical outcome by JOA score was not significantly different. The traditional source of graft material for the cage filler has been cancellous bone taken from the iliac crest, as it was both osteogenic and osteoconductive and produced a reliable rate of fusion. Donor site pain was a concern. However, our technique of taking cancellous bone graft from anterior iliac crest had little problem donor pain. In order to reduce donor site complications and operative times, many different bone graft substitutes have been investigated. However, none of these has proved to be superior to autologous bone [11] . Hydroxyapatite was an osteoconductor but lacked osteoinductive properties. Chang et al. [12] reported comparing the use of radiolucent cages containing cancellous autogenous bone graft or hydroxyapatite. There were no statistically significant differences in fusion rates. There have not been any studies to compare the use of titanium cage containing hydroxyapatite versus autograft in cervical spine fusion. Our study compared these groups and found that anterior cervical discectomy and fusion with cage and bone graft was more effective than cage with hydroxyapatite in terms of subsidence and non-union but not significantly different in clinical outcome by JOA score. The incidence of subsidence and nonunion from hydroxyapatite group was comparable to prior reports. Hida et al.
[13] reported cervical anterior fusion using titanium cage with tricalcium phosphate. The subsidence rate was 7% and non-union rate was 4%. Joung et al. [14] reported that subsidence rate of cylindrical cage was 22% and there was no statistically significant difference between subsidence and clinical outcome. However in aspect of donor site pain, operative time and length of hospital stay, fusion with cage, and hydroxyapatite was better than the autograft group. Considering possible hardware-related complications such as subsidence and non-union, anterior cervical fusion with titanium cage with hydroxyapatite has clear advantages.
In conclusion, titanium cage implantation with hydroxyapatite is a highly useful alternative to the conventional treatment methods.
The authors have no conflict of interest to report.
